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TABLE 2: Antimicrobial resistance pattern of Salmonella strains isolated from pork cuts 
in Rio Grande do Sul, Brazil.
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Summary: The survival of Salmonella sp. in pig slurry submitted to treatment in a stabilization ponds
system from a pig breeding farm in southern Brazil were evaluated. The stabilization ponds system
proved to be efficient, reducing 93% of the Salmonella sp. population present in the slurry. The
resistance pattern of 161 Salmonella Typhimurium strains isolated throughout the system were
evaluated against 14 antibiotics, using the agar diffusion method. Salmonella strains were resistant
to sulfonamide (100%), tetracycline (99.4%), streptomycin (90.1%), sulfamethoxazole/ trimethoprin
(84.5%), nalidixic acid (77.6%), ampicillin (76.4%), cloramphenicol (29.2%), cefaclor (25.5%), tobramycin
(13.7%), gentamicin (6.2%), amoxacilin/clavulanic acid (5%), neomycin (5%), and amikacin (3.7%). All
tested Salmonella strains were sensitive to ciprofloxacin. Most strains of Salmonella (94.5%) were
resistant to four or more antibiotics. The multi-resistance pattern was found in strains isolated from
all sampled points and were highly variable throughout the system. 
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Introduction: Wastewater treatment facilities have been implicated as potential sites for the selection
of multiresistant enteric strains (Taher et al., 1987). On the other hand, aerobic and anaerobic treatment
systems proved to be efficient for the elimination of Salmonella present in pig slurry (Juris et al., 1995).
The aim of the present study was to determine the presence of Salmonella sp. throughout stabilization
lagoons used for the pig slurry treatment, as well as to compare the resistance profile of strains
isolated from different points of the treatment plant. 
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Materials and Methods: Twenty samplings were conducted, about two times a month, in seven
points throughout a system of serial lagoons located in southern Brazil. The system was composed
by a storage tank (P1), a sludge tank (PA), a sedimentation tank (P3), two anaerobic lagoons (P9), one
facultative lagoon (P10), one aerated lagoon (P11) and three aerobic ponds (P14). The isolation of
Salmonella sp. was conducted as described by Michael (2002). Isolates were tested for resistance
against 14 antibiotics, using the agar diffusion method (Barry & Thornsberry, 1985). For the calculation
of the multiple antibiotic resistance (MAR) index proposed by Krumperman (1983), Salmonella strains
were divided in three groups, according to the site of isolation: S1 (PA, P1 and P3, n = 138), S2 (P9, n =
15) and S3 (P10, P11 and P14, n = 11).
Results: Salmonella was isolated from 13/20 samples taken from the affluent (P1) of the system and
from only one effluent sample (P14), indicating 93% of Salmonella population reduction during the
treatment. Most Salmonella isolates (161/163) belonged to serovar Typhimurium. These strains were
resistant to sulfonamide (100%), tetracycline (99.4%), sulfamethoxazole/trimethoprin (84.5%), ampicillin
(76.4%), cloramphenicol (29.2%), streptomycin (90.1%), nalidixic acid (77.6%), tobramycin (13.7%),
neomycin (5%), amikacin (3.7%), cefaclor (25.5%), gentamicin (6.2%) and amoxacilin/ clavulanic acid
(5%). Strains showed between two and eleven resistance markers, being the most part of them (30.4%)
resistant against six antibiotics. No significant difference was found among MAR indices of different
groups (S1=0.43; S2=0.46 and S3=0.41). Fifty seven different resistance profiles were found, being the
most frequent profile (ap-c-e-na-su-t) identified in 38 (23.6%) strains. However, 28.6% of the identified
profiles were represented by only one strain.
Discussion: In the present study, the solid phase separation (P1, PA and P3) proved to be inefficient
for Salmonella elimination. The reduction of Salmonella populations started to be observed only after
the anaerobic (P9) and facultative lagoons (P10), in agreement with previous studies (Hainonen-
Tanski, 1998). As previously described (Bahnson and Fedorka-Cray, 1999), the highest level of resistance
was found against antimicrobial agents used on the farm. Although the selection of resistant strains
during the slurry treatment (Morozzi et al., 1986) was described, in the present study no differences
on the resistance profile could be observed among strains isolated from both affluent and effluent.
According to Krumpermann (1983), MAR indices greater than 0.2 classificate a contamination source
as of high-risk. Thus, the multiple antibiotic resistance indices showed by Salmonella strains could be
considered another potential hazard of these strains for the environment. 
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